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Introduction 
 
The California Department of Transportation expends a considerable amount of human and 
financial resources in its highway maintenance program for the control of vegetation along the 
shoulders of highways.  Effective weed control has multiple benefits including reduced fire 
hazard, increased visibility and safety for drivers, reduced loss of natural resources (e.g., water) 
to unwanted vegetation and a reduction in alternative hosts for insect pests and diseases. 
Application of herbicides is one of the more efficacious and economical methods of weed 
control.

 

  
 
A major issue in California is the current reliance on chemical methods of pest control.  Helsel1 
estimated that in 1984 16 billion dollars were spent worldwide on pesticides.  Further, Helsel 
reported the United States as the largest pesticide user in the world applying more than three 
times the quantity of pesticides as the second largest user (Japan).  A total of 4.5 billion pounds 
(2 billion kg) of chemical pesticides were used in 1995 in the US2.  Unfortunately, the continued 
reliance on chemically based pest control practices has potentially detrimental effects upon the 
environment and human health in the form of contamination of water supplies and soils.  In 
addition, the effect of chemical residues is often cumulative and their continued use can be 
increasingly detrimental to the environment.   
 
There is a need to develop improved means of weed control in a reduced herbicide environment. 
Slaughter et al.3 and others have demonstrated that one possible solution is to reduce herbicide 
requirements by targeting post-emergence herbicide sprays only to plant vegetation and not the 
surrounding soil.  If the California Department of Transportation applied herbicides only to 
targeted plant material, the energy and material costs involved in weed control could be reduced 
and, subsequently, the amount of herbicides released into the environment greatly reduced. 
Additionally, the productivity of the weed control operation could be increased, allowing more 
reliable control. 

 

 

 
The concept of intermittent spray control for plant sprayers has been previously investigated.  
Reichard and Ladd4 discussed work in which plant conductivity and a charged probe were used 
to detect the presence of target plants.  They also developed intermittent spray control systems 
that detected vegetable plants through steel wires and systems based on photo-detectors.  The 
detection systems were limited to targeted plants that could fit between the sensor system based 
on operational conditions of tripping a wire switch or interruption of a light beam.  Field tests of 
the control systems (Ladd et al.5 and Ladd and Reichard6) found reduction of applied spray 

                                                
1  Helsel, Z.R.  1987.  Pesticide use in world agriculture.  In: Z.R. Helsel (Ed.), Energy in plant nutrition and pest control.  
Elsevier, New York, p. 194. 
2  Aspelin, A.L. 1997.  Pesticides Industry Sales and Usage, 1994 and 1995 Market Estimates.  Biological and Economic 
Analysis Division, Office of Pesticide Programs, Office of Prevention, Pesticides and Toxic Substances, US Environmental 
Protection Agency, Washington, DC. 
3  Slaughter, D.C., D.K. Giles, and C. Tauzer.  1999.  Precision offset spray system for roadway shoulder weed control.  ASCE 
Journal of Transportation Engineering.  125(4):364-371. 
4  Reichard, D.L. and T.L. Ladd. 1981.  An automatic intermittent sprayer.  Trans. of the ASAE.  Vol. 24(4):893-896. 
5  Ladd, T.L., D.L. Reichard, D.L. Collins and C.R. Buriff. 1978.  An automatic intermittent sprayer: a new approach to the 
insecticidal control of horticultural pests.  J. Econ. Entomology.  Vol. 71:789-792. 
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material ranged from 24 to 51% with little or no reduction in pest control efficacy.  Giles et al.7,8 
developed a spray application system that used ultrasonic sensors to trigger spray nozzles on or 
off based on tree presence or absence.  The system was physically limited to large targets 
typically found in orchards.  
 
Several researchers (e.g. Hollaender9) have documented distinct absorption characteristics of 
chlorophyll; detectable maximum peaks occur at 675 nm region of the visible spectrum.  Other 
researchers have attempted to use this information to develop a non-contact sensor for detecting 
chlorophyll-containing materials (e.g., plants) versus non-chlorophyll containing materials (e.g., 
soils).  Generally, in those studies, the difference in reflectance between plants and the soil 
background is based on foliage chlorophyll absorbing red radiation while soil reflects red 
radiation.  Additionally, in other earlier studies the ratio of visible to near-infrared radiation10 and 
the ratio of red to near-infrared radiation11 were used to distinguish green vegetation from the 
soil background.  Several of these studies have led to commercial plant detector-sprayers (e.g., 
Weed Seeker PhD 1620, Patchen California, Inc., Los Gatos, CA and Detectspray-S45, Concord 
Inc., Fargo, ND).   
 
Systems based on discrete reflectance sensors, such as those described above, are limited to 
relatively short operating ranges due to averaging of the signals of all of the objects in the field 
of view, including the plant and the background levels.  As sensor height is increased, the plant 
detection resolution decreases.  Merritt et al12 reported that plants greater than 20 cm2 were 
detectable using a sensor height of 23 cm.  While this sensor range is allowable for many boom 
spraying applications, it is not useful for detecting smaller plants from boomless systems where 
sensor to target distances can exceed 3 m.  Alternatively, computer vision systems, having 
greater resolution, can provide the plant detection performance required for detecting smaller 
plants. 
 
Slaughter et al. 3 developed a machine vision based a precision offset spray system (figure 1) for 
control of vegetation along roadsides.  In this system spray material is delivered to the region 
adjacent to the vehicle in which the plant lies and not to surrounding soil.  The system used a 
single camera, mounted approximately 2 m above the road and was capable of detecting weeds 
as small as 6.25 cm2.  The system substantially reduced the amount of herbicide applied to non-
plant material (up to 97% reduction in applied pesticide compared to conventional continuous  
 

                                                                                                                                                       
6  Ladd, T.L., and D.L. Reichard.  1980.  Photoelectrically-operated intermittent sprayers for insecticidal control of horticultural 
pests.  J. Econ. Entomology.  Vol. 73:525-528.  
7  Giles, D.K., M.J. Delwiche and R.B. Dodd.   1988.  Electronic measurement of tree canopy volume.  Trans. of the ASAE Vol. 
31(1):264-272. 
8  Giles, D.K., M.J. Delwiche and R.B. Dodd.   1987.  Control of orchard spraying based on electronic sensing of target 
characteristics. .  Trans. of the ASAE Vol. 30(6):1624-1630, 1636. 
9  Hollaender, A.  1956.  Radiation biology.  Vol. III. McGraw-Hill. New York. 
10  Hooper, A.W., G.O. Harries, and B. Ambler.  1976.  A photoelectric sensor for distinguishing between plant material and 
soil.  J.  Agric. Engng. Res.  Vol. 21. 
11  Haggar, R.L. C.J. Stent, and S. Isaac. 1983.  A prototype hand-held patch sprayer for killing weeds, activated by spectral 
differences in crop/weed canopies.  J. Agric. Engng. Res.  Vol. 28. 
12  Merritt, S.J., G.E. Meyer, K. Von Bargen, D.A. Mortensen.  1994. Reflectance sensor and control system for spot spraying. 
ASAE Paper No. 94-1057.  ASAE, 1950 Niles Rd., St. Joseph, MI, USA.
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Figure 1. Illustration of the precision offset spray concept developed by Slaughter et al.3 

 
spray applications).  This study indicated the value of machine vision technology for reducing 
both environmental and economic costs of weed control.  Additionally, the concept of “offset" or 
“boomless” spray applications (i.e., no spray boom extending beyond the vehicle boundary) was 
shown to be technically feasible. 
 
The research prototype system developed by Slaughter et al.3 did not address issues of uneven 
and unlevel terrain, or varying light conditions.  Also, the influence of wind on spray accuracy 
was corrected by applying additional herbicide prior to and after the intended target to ensure 
herbicide hit the target when wind deflected the spray in flight. 
 
The basic principal of an improved precision offset spray system is that a real-time machine 
vision system can detect live (green) plant material growing along the roadside and, when 
coupled to a rapid-response spray control system, will permit the California Department of 
Transportation to selectively apply post-emergence herbicides exclusively to the unwanted plant 
material.  The implementation of this technology will allow the California Department of 
Transportation to reduce the amount of resources required to maintain an effective weed control 
program using herbicides while at the same time reducing the amount of chemicals unnecessarily 
released into the environment.   
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